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mended April 30, 1928; 370 O. î. 757) 
1 
This invention relates to power plants of gen- 
'eral utility and partlcularly to those of the type 
in which intermittent energy of an expansible gas 
is transformed ino useful work at a desired rate. 
Briefly, the system comprises an expansible gas  
engine, a liquid pump driven by the engine, a 
reservoir for receiving the liquid under pressure, 
a fluid motor driven by the high pressure liquid, 
and suitable means for automatically starting the 
engine or operating it during the non-working 10 
portion oï its cycle of operation. 
An object of the invention is the provision of 
a power plant, which intermittentiy receives en- 
ergy in one portion thereof, and either stores this 
energy for subsequent use in the form ofpotential 1 
energy of a liquid under pressure, or transforms 
the intermittent energy into useful work at a 
constant or other deslred rate. 
Another object is the provisionof:a power plant 
which includes a motor for doing work atadesired 20 
rate coordinated with- an  engine in such manner 
that the engine automatically supplies the motor 
with energy in accordance with the power re- 
quirements thereoL 
Another object isthe provision of a power plant 25 
which has a motor capable of delivering' full 
torque when starting, coordinated with  a com- 
bustion engine for driving saine which automati- 
cally starts simultaneously with the mòtor. 
Another. object is the provision of a combustimoE 30 
engine which utilizes stored, energy of a liquid 
under pressure to automatically recharge a com- 
bustion chamber in event of a misflre. 
Another object is-to achieve high thermal effi- 
ciency bY the provision of an expansible gas engine 35 
which is capable oï operating on a cycle such 
thafi exhaust pressures are at' an optimum low 
value despite high resising forces tending fo stop 
the engine; 
Another objectis the provision of a liquid cir- 40 
culatory system in which the liquid may be em- 
ployed to operate a motor or in any other system 
which requires a differentiaÏ head on the liquid. 
Further objects are the.provision of a power 
plant which has a minimum number of parts all 45 
of which are readil accessible, has high power 
output per unit of weight, is subject fo wide vari- 
ation of arrangement of its component parts» and 
bas inherent cushioning features for the expand- 50 
ing ïorces of a gas. 
Still further objects, advantages, and salient 
features will become apparen .from.a considera- 
tion .of-the descriptior to.ïollo.w, the accompany- 
ing:drawirgsnd'the appended clalms: 

In the drawings: 
Fig. 1 is a side view, partly in  section, of a 
device embodying my invention; 
Fig. 2 is a detail of Fig. 1; 
Fig. 3 is another detail of Fig. 1; 
Fig. 4 is an alternate construction of a portion 
of the bell crank linkage of Fig. 1, shown in one 
position; 
Fig. 5 is a view similar to' Fig: 4 showing the 
linkagein another position; 
Fig. 6 is a view of an alternate turbine control 
mechanisra; 
Fig. 7 is another alternate construction of a 
portion of the bell crank linkageof Fig. 1, shown 
in  one position; 
Fig. 8 is a view similar to Fig. 7 showing the 
linkage in another position; 
Fig. 9 is a view showing the turbine blades for 
rotation in one direction; and 
Fig. 10 is a view showing the turbine blades 
positioned for-rotation in a direction opposite to 
that shown in Fig. 9 
leferring to the drawings, a generally cylin- 
drical support  ïor the various parts of the 
device is recessed-at the top for the reception of 
anexpansible gas prime mover, shown in the form 
of an air-cooled, two-cycle internal combustion 
engine cylinder   having a conventionat piston 
 2; exhaust port » intake port  compression 
chamber $; spark plug  and. carburetor con- 
]oEection . To  promote clearness in the draw- 
ings, the ignition system including batteries, coils, 
contact points, etc., are hot shown, but it will 
be understood that'any conventional system which 
would effect ignition af apredetermined point in 
the travel oï piston 2 couldbe employed. The 
carburetor, also not shown; could be of any con- 
ventional type. 
On the opposite side, and within the confines 
of support , is located a liquid pump illustrated 
as a.piston   reciprocable in a cylinder | . This 
piston is operably connected fo piston  2 by means 
of cormecting rod 2, bell crank 2, link 22 and 
piston rod 2  
A high pressure liquid.reservoir 4 and a low 
pressure liquid reservoir 25 are provided within 
support I}' and in communication with these 
reservoirs at one end of the support is a reversible 
liquid turbine 2S constructed to operate from the 
liquid in reservoir 24 and thus drive short 2 to 
which may be coupled any sort of power driven 
device. The turbine to be subsequently described 
ingreater detaill is of the type.wherein the:de- 
livered power is determined by the amut of 
55 liquid flo:therethrough; whichin':turn i deter- 
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mined by the setting of the adjustable turbine 
blades 28. The liquid after passing through the 
turbine enters low pressure reservoir 2 and is 
then returned fo high pressure reservoir 24 by 
piston t8 through suitable check valves 29 and 
3{}. A flexible diaphragm, shown in the form of 
a bellows 3t forms a part of reservoir 2 and 
expands against air under pressure in air tank 32. 
This accommodates any liquid which is hot di- 
ected into turbine -6 and also acts as a means 
by which a part or all of the intermittent energy 
impaïted to the liquid in reservoir -4 may be 
stored for subsequent use. The volume of air 
in tank 6- should be sucient fo ensure as litt!e 
fluctuation of pressure as possible so that the 
liquid in reservoir 4 remains under substantially 
constant pressure regardless of ifs change in vol- 
ume. This is desired fo provide a smooth fiow 
of power ïrom the turbine. Bellows  t also serres 
the purpose of dividing the air and liquid into 
separate compaïtments and hence eliminates 
emulsification of the liquid or the entrainment 
oî air bubbles theïein, which are both objecf2on- 
able. If is necessaïy that the low pressure reseï- 
voir 26 be of variable volume, also, fo accommo- 
date any excess liquid delivered thereto by turbine 
26 and which is not directed immediately fo pump 
piston 6, and to this end a bellows 33 is pïovided 
in a wall oî reservoir 2. This bellows is urged 
in one direction by a spring so that the liquid 
received in reservoir 26 will always be sucient 
for the requirements of pump piston  . 
If is apparent that since no fiywheel is 
employed to return piston 2 to the end of ifs 
compression stroke for a subsequent power stroke, 
some means are necessary to perform this func- 
tion, and to this end a plunger 3G attached to 
piston 6 and extending into reseïvoir 2 is pro- 
vided. Ai the end of the power stroke, a portion 
of the energy stored in the liquid fil reservoir 
is utilized fo force plunger  and the linkage 
connected between saine and piston 2 to return 
the latter fo the end of its compression stroke 
ai which point ignition occurs and the cycle is 
repeated. Thus, piston 2 and the liquid in res- 
ervoir  replaces the conventional flywheel and 
bas the advantage tha.t operaf2on of the system 
does hot depend upon heavy and cumbersome 
inerf2a parts, and further, does not require con- 
tinuous operation as in the case of a flywheel; 
that is, energy can be stored in reservoir 2/ and 
later used fo recharge the engine when if becomes 
necessary, rather than continuously recharge 
saine as would result if a flywheel were used. It 
becomes apparent, accordingly, that as the power 
requirements of shaft 2ï vary, the rate of fluid 
flow in the circuit will vary. When the flow is 
decreased, for example, the amount of fluid 
available for fiow into cylinder 9 is less, thus 
decreasing the travel speed of piston 8 out- 
wardly, this decrease being due to a parf2al fluid 
lock in the low pressure part of the circuit. Thus 
the frequency of the expansible gas engine is 
automatically varied fo supply the power require- 
ments for the new load. 
The normal operation of the parts so far 
described is summarized as follows, if being 
assumed that the turbine vanes 28 are open fo 
the extent of the power required, piston 2 is at 
the end of its stroke, as shown, and a combusti- 
ble charge bas been transferred from compres- 
sion chambeç 5 to the combustion cylinder: 
IAquid under pressure in high pressure reservoir 
2 forces plunger 3 outwardly, which in turn, 
trough piston , piston rod 2, linkage |, 2, 

and -, forces piston  fo the end of the com- 
pression stroke, as shown by the broken line in 
cylinder . A new combustible charge enters 
compression chamber   through carburetor con- 
5 nection   as a result of inward movement of pis- 
ton 2. Ai the end of the corppresson stroke 
ignition occurs forcing pi{t0rï 2 outward!y coin- 
pressing the mixture in chamber  and ai 
approximately the position shown products of 
10 combustion exhaust through port 3, and the 
compressed mixture is transferred fo the cylinder 
through port  ai which rime the cycle is com- 
p!eted. During this cycle piston ] bas trans- 
ferred liquid from low pressure reservoir - to 
15 high pressure reservoir 2 from which if passes 
through the turbine to do useful work. Whi]e 
piston  delivers energy fo reservoir 2 inter- 
mittently, turbine 2  delivers power ai a uniform 
or other desired rate since the pressure in 24 re- 
20 mains constant due to bellows 6  and air tank 
In event that no power is desired at shaft 
stoppi..ug and starting of the system is automatic 
which is summarized as follows, it being assumed 
that the turbine b!ades are c]osed to preclude 
25 liquid flow therethrough: Liquid in high pres- 
sure reservoir tends fo more plunger 6 out- 
wardly as before described, but since the turbine 
is not discharging liquid into low pressure reser- 
voir 25, piston 8 tends to create a fluid lock in 
30 reservoir 2 and cylinder |9 which will restrain 
outward movement of piston  since atmos- 
pheric pressure acts on the outer side thereof. 
Thus, the entire system stops automatically. 
{{hen the turbine blades are again opened to 
35 restme operation, liquid again flows through the 
turbine and into reservoir  and cylinder 9. 
The fluid lock therefore no longer exists which 
permits plunger $ fo again fdrcWpiston 2 fo the 
end of its compression stroke as explained under 
d0 normal operation. 
Fîom the foregoing if is apparent that under 
conditions where the power output of turbine 6 
remains substantially constant , piston 2 will 
automatically operate on a conventional two- 
I5 stroke Otto cycle; however, dnder certain condi- 
tions, for example, when a misfire occurs by rea- 
son of îaulty ignition, or where the mixture in 
the power cylinder bas condensed because the 
system bas been shut down, it .becomes necessary 
,50 fo condif2on the engine for a subseqaent power 
stroke. To this end, a self-starf2ng device  is 
provided. This device comprises a cylinder  
having a plunger  therein which is connected 
to bell crani   by link 3 and pin and slot con- 
5 nection ¢. With the leverage relationships as 
shown, if would be necessary to construct plunger 
,2 with a greater cross-sectional area than 
plunger  since the former must overcome the 
resistance of the latter. Should a misfire occur 
60 and hence insufficient combustion pressure exist 
to return piston 2 on a powerstroke, plunger 6 
would more piston 2 beyond the normal point 
of travel where ignition would occur. This 
increase in travel would bring the pin in link 3 
5 to the botom of slot  and hence plunger 
would be moved slightly to the left of ifs normally 
stationary position, leferring to Figs. 2 and 3, 
this movement displaces a cam , attàched to 
plunger 2, to the left also, and a a result 
70 thereof, a pin 6 normally in engagementwith 
the cam in the position as shown ai 4a is mved 
laterally by the cam groove and into a deeper 
groove as shown ai b under the Urge of spring 
45. Crosspin 49 attached to pin  thereupon 
7forces lever e upwardly which in turn moves 



.hydraulic actuat.ors § t. and §2 downwardly. Hy- 
draulic actuator 52 through the medium of the 
liquid in line 8S actuates plunger 84 opening 
valve 29 which permits liquid trapped . in 'pump 
cylinder 9 fo be returned fo storage reservoir 
Simultaneously with the foregoing, hydraulie 
actuator 5 through the medium of the liquid 
therebelow moves plunger 55 to the left, opening 
.three-way valve 55 against the urge of compres- 
sion spring 57. This permits flow of high pres- 
sure liquid into cylinder 4 by way of pipes 
and 59 which moves plunger 4 to the right, car- 
rying with it link 4S and bell crank 2 which in 
turn moves piston 2 to the piston shown, thus 
recharging the cylinder  . At thispoint plunger 
$5 again takes over to return piston 2 fo the 
end of the compression stroke to resume normal 
operation. Also af this point, pin 40 is moved 
to the position shown at 45c releasing crosspin 
from beneath.lever 5{}. This allows spring 57 to 
urge three-way valve SG  toits normal position 
where the liquid in  is in communication with 
low pressure reservoir 25 by way of conduits 
and G. As piston 2 moves toward the end of 
the compression stroke, plunger 
more therewith, and pin 45 is moved toits origi- 
nal position at 4G with crosspin 49 again reposi- 
tioned below lever 8 to repeat the foregoing 
starting operation when it again becomes neces- 
sary. When piston 2 is normally functioning 
on its power and recharge strokes, link 4S merely 
swings back and forth with one end riding in pin 
and slot connection , plunger 42 remaining sta- 
tionary. A check valve.  may be provided in 
line 5{} to prevent pressure fluctuations in reser- 
voir 25 from effecting operation of plunger 42. 
The reversible turbine 25, previously men- 
tioned, comprises a hub 0{}. mounted on shaft 
27 and carries on the periphery thereof a plu- 
rality of variable pitch vanes 20. These vanes 
may be constructed fo provide a fluid seal 
tween their inner edges and the hub, between 
their outer edges and casing 0 in which they 
rotate, and between their radial edges so that 
when the vanes are in closed position, they act 
as a valve to prevent flow of liquid through the 
turbine. The pitch of the blades is controlled 
by a slidble control collar 82 which bas a cam 
slot 8 thereon for each blade and into which 
a follet 0 engages. Each follet 4 is mounted 
on an arm 5 attached to a blade foot so that 
axial movement of collar $2 cams the.blades to 
a desired position. The arrangement of slots 
3 and arms 0. is such that movement of collar 
82 in one direction or the other from a posi- 
tion in which the blades are closed will adjust 
the pitch of the blades in either of two direc- 
tions so that the tm%ine wfll rotate either in 
a forward or reverse direction. The: amount of 
torque desired af shaft 27 is controlled bY the 
blade pitch, an increase thereof permitting 
greater flow of liquid and hence greater torque, 
and a decrease thereof decreasing the torque. 
Liquid exhausted by the turbine flows into an- 
nular space $8 and thence fo reservoir 28. To 
ensure against loss of pressure in reservoir 
due to possible leaks in turbine 20 when: the unit 
is shutdown, a valve 0 may be provided. LTn- 
der some conditions of control, it may. be round 
desirable to regulate the power requirements by 
valve $ also; £hus, for example, flxed pitch 
turbine blades could be provided and the flow 
thereto throttled by. valve 
In some instances, it will be desirable fo con- 
struct air tank.. 32 of relatively. Small: sze in 

which case if would hot be capable of maintain- 
ing .constant pressure on the liquid in reserv0ir 
24, as previously explained. In this event, a con- 
trol asshown in Fig. 6 may be provided to elim- 
5 inate fluctuations in power of the turbine which 
would result from fluctuations of liquid pres- 
sure in reservoir. 24.' In this modification a lever 
9 is provided, one end of which may be locked 
at various positions in notches along quadrant 
10 92. but free to pivot thereabout. The other end 
of lever 9 is connected to collar 02 by yoke 
and pivot 9. A bell crank 94 bas one end 
thereof connected to lever 9 by pivot 9. and the 
other end to a link 95. Link 95 is connected 
15 to one end of lever 97 which is pivoted at ifs 
center 95. A slot 99 is provided in lever 
extending on both sides of the center thereof, 
and a link } bas one end slidably engaged 
therein. The opposite end of this link is con- 
20 nected fo rod {} which is connected fo bellows 
{}2, the outside of which is in fluid communi- 
cation with reservoir 2,4. A'suitable compres- 
sion spring 9 urges the bellows ]2 fo the 
right. Link {}{} would remain in the position 
.5 shown under the urge of spring {} when the 
unit is not in operation and in either position 
0 or }{} when in operation, one position cor- 
responding fo a forward direction of turbine 
rotatiön and the other fo a reverse direction 
30 of rotation. Assuming that the turbine blades 
are open to effect forward rotation and that 
link 0 is in the position shown at {}, an 
crease in liquid pressure on bellows 2 corre- 
sponding to a sudden pulsation would rotate 
35 bell crank 97 clockwise, which through link 
and bell crank 94 would move control collar 
82 toward its neutral or off position. This would 
reduce the turbine blade pitch, restrict liquid 
flow through the turbine and hence prevent the 
40 sudden increase in liquid pressure ïrom affect- 
ing the smooth flow of power from shaft 27. 
Conversely, if the turbine is operating in re- 
verse, link {}{} would, be positioned as shown 
at {}{}, and collar 02 would be positioned fo re- 
45 verse the blades as previously described. An 
increase in pressure on bellows {}2 would move 
bell crank 97 counterclockwise and through link 
95 and bell crank 94 again force colla]: 82 to- 
ward its neutral or off position thus compensat- 
50 ing for the fluctuation as described for forward 
operation. It is apparent that while the fore- 
going has been described for an increase in pres- 
sure in reservoir 24, a decrease in pressure would 
cause the opposite effect, that is, a decrease 
ff would tend to open the turbine blades for mo- 
mentary delivery of more liquid therethrough. 
To place link I{}{} in position 1{}5 or I6, a pair 
of solenoids 1{}7 and {} are provided which 
are connected to suitable switches 1{}9 and 
60 on control quadrant 92. When lever 91. is ini- 
tially moved from its off position to either for- 
ward or reverse, if completes a circuit to one or 
the other of solenoids |{}7 or 1{}0, positioning 
link I{}{} in either position 1}8 or 1{}5. Further 
 movement of lever 9 will determine the ur- 
bine blade pitch and hence the power delivered 
by the turbine. When lever 91 is moved t0 its 
off position, if opens the circuit to either sole- 
noid 1{}7 or 08, and spring 4 instantly re- 
70 turns link I{}{} to the position shown. Thus, if 
an explosion should occur in cylinder I after 
the solenoid circuits are broken, the increase of 
liquid pressure resulting therefrom would not ef- 
fect change of turbine.blade pitch since link  I 
75 would previously, bave been, moved to. an in- 
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operaive position by spring t04. If for any 
reason if is desired to render the positioning 
means inoperative, switch  ! ! ! may be left open. 
Also, when the arrangement for damping fluc- 
tuation is hot employed, lever 9 may be the sole 
control, pivot 9 in this case being a fixed pivot 
and the remainder of the linkage connected 
theïeto eliminated. 
In Fig. 1 bell crank 2! is illustrated as a sim- 
ple lever pivoted intermediate its ends fo pro- 
more clearness to the drawings. It is contem- 
plated, however, that the lever - of Fig. 1 and 
ifs associated linkage may take the form as 
shown in Figs. 4 and 5 in which corresponding 
parts are indicated by primed reference char- 
acters. Bell crank 2!' is grooved at 70 to re- 
ceive a pin ï which is slidable therein and also 
in anotheï gïoove 72 in frame member 73. Link 
4 connects pin ï t to pin 75 on connecting ïod 
8'. Connectin rod 2@' is pivotally connected 
to bell crank 2' by pin 6. From Fig. 5 if can 
be seen that as piston rod 23 moves outwardly 
on the power stroke of piston 2, pin 7! slides 
in rooves 7 and 72 chaning the mechanical 
advantae of the lever arm of ! in fayot of 
piston . Despite the decreasin pressures re- 
sultin from the expanding ases, this permits 
piston - to overcome the resistance of pump 
piston $ which operates agai'«st substantially 
constant back pressure. ït is thus possible te 
carry expansion in cylinder ! ! to a point where 
optimum thermal efficieney may be obtained de- 
spire the constant resisting force aainst pump 
piston 8, thus increasing the overaïl eflïciency 
of the entire power plant. If is to be observed, 
aiso, that on the compression stroke of piston 
 2 the mechanical advantage constantly increases 
in favor of the connecting rod ' which is op- 
erated y plunger 35, and hence the increasin 
pressures of compression can be overcome there- 
by. In opeïation of the foregoing  arrangement, 
the amount of fuel metered te the combustion 
chamber may be so reu/ated thzt the pressure 
of the expanding' gases in the cylinder at any 
point of the expansion stroke will be just suflï- 
cient to overcome the back pressure exerted on 
pump piston !8 by the liquid in reservoir 4. 
The enine in this case would operate on a sub- 
stantia!ly true Otto cyçle. :If it is desired to 
increase the poweï" output per stroke of piston 
, still retaining  operation on .a substantially 
true Otto cycle, the pressure in tank 3 may be 
increased, effectin a bicher back pressure 
against which piston 8 must operate and in- 
creasing the amount of fuel de!ivered to the 
cylinder 2 per stroke to provide increased com- 
bustion and expansion pressures to overcome the 
i]igher back pressu'e on piston 8. 
Figs. 7 and 8 show an alternate ïorm of the 
linkage shown in Figs. 4 and 5, this modification 
prmitting operation of the enine on a modified 
Oit0 cycle. The linkage is al! ïdentical to that 
of Figs. 4 and 5 except that liç 4 is ¢onstructed 
in two parts  and 4, conected by pivotal 
connection 7c, the two parts having limited 
pivotal movement between stops c and 7. 
This latter linkae permits a delayed or lost 
motion connection between piston  and the 
fulcrum chaning mechanism, that is, piston i2 
may move part way out on its expansion stroke 
without changin the mechanical advantage in 
its favor but after reaching a predetermined 
point the fu/crum changing mechanism becomes 
operative, and the leverage increases in favor of 
piston ! OEor the remainder of the stroke. Fig.  

8 
illustratesthe position of the parts at the be- 
ginning of the expansion stroke with links 
and 75 in one relationship, the distance between 
pins 7  and 7! being at a minimum. Fig. 8 
 illustrates the position of links 74 and 741 at 
the point corresponding to a predetermined po- 
sition of piston !2 where the leverage in fayot 
of piston !2 has commenced. Links 7 and 
are now in their extended position with the dis- 
l0 tance between pins 7 and 7! at a maximum. 
Further movement of piston !2 on its expansion 
stroke wfll move pin 7! downwardly in slot 
effecting an increase in leverage in fayot of pis- 
ton !2 in the saine man.ner as described for the 
l linkage of Figs. 4 and 5. With this arrange- 
ment, it is possible fo modify the true Otto cycle 
slightly which is effected as follows: Assuming 
that the pump piston !ï is operating against 
the saine back pressure as the modification of 
.0 Figs. 4 and 5 and a larger amount of fuel is in- 
troduced into the power cylinder by opening 
the carburetor throttle valve, thon the compres- 
sion pressure wou/d be higher and hence the 
peak pressure following ignition wou/d tend to 
« fise beyond that of the embodiment of Figs. 4 
and 5. Since this pressure wou/d be in excess 
of that required to overcome the resistance of 
pump piston !8 and since piston 2 is a free 
piston, the movement of which is determined by 
80 the difference between the forces of combustion 
and the resisting forces, it will tend to move 
outwardly so that the peak pressure above re- 
ferred to wouId not be reached. The initial part 
of the expansion stroke wou/d therefore approach 
5 a constant pressure curve, that is, a line parallel 
to the volume line on a pressure-volume indi- 
cator card. This pressure being constant, no 
increase in leverage in fayot of piston !2 wou/d 
be necessary until the pressure began to falL 
 A this point, the linkage 74, 7, wou/d have 
reached a point where the leverage in fayot of 
piston ! wou/d commence and as the expansion 
pressures decrease on a curve simulating the 
expansion curve of an Otto cycle, the decreasing 
4, pressures wou/d stfll be capable of overcoming 
the resistance oî pump piston !8. It will be ob- 
served aise that on the compression stroke, initial 
outward movement of pump piston !8 will first 
move links 74, 7 te their relative position 
0 as shown in Fig. 7; further movement will then 
move pin 7! uPwardly in slot 72 increasing the 
lever arm in favor of pump piston !8 so that as 
piston !2 approaches the end of its compression 
stroke, suflicient force is avaflable fo overcome 
55 the compression pressure. 
In event that reservoir 24 is filled fo capacity, 
this would preclude starting of the system, 
whereas if no high pressure liquid remains in 
reservoir 2, starting may be effected by auxfliary 
60 pump 77 which will transfer liquid from reservoir 
25 te reseïvoir  and thus establish suflicient 
reserve energy in reservoir 24 to start the device 
in the normal manneï previously described. If 
is apparent that the drive means for such pump 
65 may take any suitable form consistent with the 
requirements of the system as a whole. One ex- 
ample wou/d be an electric motor. 
The various parts of the device v/ou/d, in per- 
haps most cases, be so designed and proportioned 
70 relative to one another to give optimum overall 
 eflïciency and in this connection, it shou/d be 
observed that if a certain air pressure in tank 
32 is chosen and a!so a fixed throttle setting in 
the carburetor, the engine will always operate 
75 on substantially the saine thermodynamic cycle, 
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and variations in Power requirements '0ï the 
turbine will change only the rate oï such cycle; 
that is, OEor example, an increase in power re- 
quirements automatically effects more power 
Strokes per unit of rime by the engine, but its 
actual therm0dynamic cycle remains substan- 
tially unchanged. The conventional engine, on 
the other hand, varies ifs thermodynamic cycle 
under change of load, and usually ai full load 
the cycle is least efficient thermally. The ad- 
vantages of this type of engine therefore become 
readily apparent since in this invention an opti- 
mure efficient thermodYnamic 6ycle can be chosen 
which will remain the same ùnder variation of 
load. 
In some cases if may be desired fo change the 
potential power output of the system, either by 
loading if over a designed optimum load or de- 
creasing ifs loading from a designed optimum 
loading. The thermodynamic cycle attendant 
with such changes can be chosen in a simple 
manner by this invention. If a higher output 
is desired, for example, a greater air pressure is 
ernployed in air tank 32 by admitting air through 
valve 7. This, in turn, calls for a higher out- 
put by piston 12 sothe carburetor throttle is 
merely opened in accordance with the increased 
power requirements. Similarly, if if is desired 
fo reduce the potential Power output, the air 
pressure is decreased and the throttle valve closed 
somewhat from ifs normal designed position. 
While the previous description sers forth the 
expedience of the invention as a means to obtain 
uniform power Crom an intermittent power 
source, and especially one having a minimum 
number of working cylinders, it is fo be observed 
that the device bas equal application fo installa- 
tions where intermittent Power is desired. The 
reserve energy in reservoir 24 is instantly avail- 
able for requirements of the turbine whther 
they be continuous, variable, or intermittent rot- 
que, if only being ncessary fo adjust the tur- 
bine blades ïn accordance with the torque needs 
of shaft 27, and the. remainder of the system 
automatically supplies these requirements. 
If is apparent that while several speciflc em- 
bodiments of the invention have been described, 
this is intended only for purposes of teaching the 
principles of the invention rather than as a 
limitation thereon. The engine, for examPle, bas 
been described as a two-cyele, air-cooled Otto 
type, but if is apparent that it could be liquid 
Cooled o operated on other. CYcles such as the 
Diesel cycle wherëin a fuel injector would be 
substituted for a spark plug and ignition would 
take place as a result of the heat of compres- 
sion. Stèam or othér gaes could also be em- 
ployed as the expansible mëdium if so desied, 
'the only reqUirement bëing .that suitable valves 
would be incorpoated fo control entry and 
haust of'the as. The expgndible bell0ws for 
effecting variable VolUme 5f the reservoirs could 
be in the form of pistons slidable in cYlinders 
against the urge of suitable springs, and the 
turbine is subject fo wide variations in ifs form. 
The various components, whfle fllustrated in com- 
pact arrangement could be located in other suit- 
able relationships depending on the installation 
requirements of the power plant. Simflarly, the 
starting mechanism could be controlled by sundry 
means such as solenoid operated valves as will 
become apparent once the broad teachings of 
the invention are understood. 
Further, the device, while disclosed as a sys- 
tem in which power iS delivered to a shaïç, could 

well function as a Pumping device by rïerely 
eliminting theturbine and incorPOrating the re 
mainder of the device in a fluid syStëra which rë- 
quires for its operation the movement of a liq- 
5 uid af a continuous rate, a vàriable rate, or an 
intermittent rate in either a closéd or open cir- 
cuit. Thus, as a pump means in a closëd circuit, 
the invention could be employed with any device 
which requires for ifs operation a fl0W of liquid 
10 under diffërential pressure; in an open circuit, 
it could receive liquid fom apy source of suPply 
and deliver a column of liquid fo effect Useful 
work. As an example of the latter, the inven- 
tion cculd be emp!oyed for hydrPr0pulsion. 
15 If is accordingly intended that the claires to 
follow should e construed interres of the broad 
teachings above set forth and not as limited t0 
the exact embodiments illustrated. 
The invention described herein may be manu- 
20 factured and used by or for the Government of 
the United Ststes of America for governmental 
purposes without the Payment of ny roYalties 
thereon or theref0r. 
What is claimed is: 
25 1. A power plant comprising a cylinder and an 
encloed piston having a Power stroke and a re- 
turn stroke, pumping means includi_n_g a plunger 
having a suction and a délivery str0ke, linkage 
means inc]uding an oscillating leve operatively 
'30 connecting sa, id pCÙn dnd,said Plunger so that 
said piston on its power sroke drives said plunger 
on its dclivery stroke, an eXpani5'!ë reSerFÇir 
erative!y connectëd with said Pumping me:ans for 
receiving and storing fluid saPplied by id 
35 pumping means, a fluid m0tor opëratively cën- 
nected fo said plunger said fifiid mot0r being 
mounted With respect fo said rëSeïwoïrfor op- 
eration by pressure fluid recëïved therefrom So 
that said fluid motor drives said Pluner on its 
40 suction stroke and said piston on its return 
stroke. " " 
2. A power plant C0mprising; an engine having 
a piston movable in rësponse to the diminishing 
pressure of an expanding gss during is work- 
45 delivering st'0ke, liquid pump means operable 
against a substantially constant back pressure 
during its liquid-delivery sfroEe, merïs con- 
necting said piston and Said pump ïneans in a 
manner such that as the Pressure of the ex- 
50 Panding gas decreases the mechanical advan- 
rages in fayot of thë piston increases, means asso- 
ciated with the connecting means aforesaid and 
0perable by the.liquid under constant pressure 
for moving the piston through ifs compression 
55 stroke, the arrangement being such that as the 
compression pressure increases the mechanical 
advantage in fayot of the last-named means also 
increases. 
3. In an engine of the type having a wall mov- 
60 able in response fo the diminishing pressure of 
an expanding g, th Combination comprising; 
a device operable tWeën tWo PositiOfiS against 
a constant resistiVe force, and a lever .llávïng a 
movable fzùcrum for connecting gaid dëviCê to 
65 said movable wall in a manner such that as the 
gas pressure diminishes the mechanical advan- 
rage of said wall increases whereby the relatively 
small unit gas Pressure resulting af optimum ex- 
pansion can overcome a relatively large constant 
70 resistive force applied fo said device. 
4. A member movable between two positions 
under application of a variable force applied 
thereto, another member movable between two 
Positions under a substantially constant pres- 
75 sure applied thereto, a lever interconnecting said 
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members having a movable fulcrum, and means 
responsive to the movement of said lever for mov- 
ing said fulcrum in such manner that as the 
.varying force decreases, the mechanical advan- 
rage in ifs fayot increases. 
5. A power plant comprising; a combustion 
gine having a piston movable through a compres- 
sion stroke and a power stroke, a reciprocating 
tiuid pump having an intake and a delivery 
stroke, a bell crank connecting said engine to 
said pump for operating said pump on its de- 
livery stroke during the power stroke of said en- 
gine, and expansible reservoir to which said pump 
delivers working tiuid, accumulator means for 
applying pressure to said reservoir to maintain 
said working fiuid under substantially constant 
pressure, motive means operable by the tiuid in 
said reservoir for moving said engine piston 
through-its compression stroke, a second motive 
means operable by the tiuid in said reservoir for 
moving said piston through its normal power 
stroke in event of a misfire, a tiuid motor oper- 
able by the tiuid in said reservoir, and passage 
means for returning liquid from said tiuid motor 
to the inlet of said pump including a second 
pansible reservoir. 
6. A power plant comprising; an engine hav- 
ing a piston movable in response to gas pres- 
sure thereon during its work delivery stroke, a 
liquid pump operable against a constant back 
pressure during its liquid delivery stroke, lever 
means having a movable fulcrum for connecting 
said piston and pump means, and means re- 
sponsive to the oscillation of said lever for mov- 
ing said ïulcrum in a rnanner such that the 
mechanical advantage in fayot of the piston 
remains constant during a portion of its work 
delivery stroke and increases during another 
portion thereof. 
7. An internal combustion cylinder and piston 
having a power stroke and a compression stroke, 
a fiuid circuit, a reciprocating pump including 
a stepped piston slidably mounted in a pumping 
chamber having a relatively large cross-sec- 
tional area and inlet and ourlet check valves, 
said pump being positioned in said circuit for 
driving said tiuid from a low pressure part of 
said circuit to a high pressure part, said stepped 
piston having a reduced cross-sectional area 
plunger portion with its end exposed to said high 
pressure circuit part to act as a tiuid motor, ac- 
cumulator means for maintaining said high 
pressure substantially constant with a change 
in volume of said part, mechanical dlve linkage 
between said combustion piston and said pump 
for transmitting the power stroke movement to 
drive said pump on its delivery stroke and for 
transmitting the drlving stroke of said motor to 
drive said piston on its compression stroke. 
8. The combination deflned in claire 7, said 
inlet valve being in communication with said 
low pressure part of said circuit, and said outle 
valve being in communication with said high 
pressure part. 
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'9. The combination defined in claiin 8,.and 
a main tiuid motor in said circuit between said 
high pressure and low pressure parts driVen by 
said tiuid. 
5 :10. The combination defined in claire 9, and 
means for controlling the tiow of tiuid through 
said main tiuid motor for adjusting its power. 
11. The combination of claire 10, wherein said 
main motor is of the axial tiow varie type. 
10 12. The. combination defined in claire 11, 
wherein said vanes are adjustable on radial axes 
and means for adjusting them to control the 
torque delivered by said main motor. 
13.The combination defined in claire 12, 
15 wherein said means for controlling the fiow of 
fluid throCh said main fluid motor is a control 
valve between said high pressure part and said 
main motor for controlling its power. 
14. The combination set forth in claire 7 
20 further characterized in that said inlet valve is 
in communication with said low pressure part of 
said circuit, and said outlet valve is in communi- 
cation with said high pressure part, and movable 
means connected to the said piston, control 
25 means responsive to low tire pressure in the com- 
. bustion cylinder caused by a mis-tire for con- 
necting the said movable means to the pressure 
of the high pressure part for moving säid movab!e 
means and the piston on its return stroke in the 
3O event of misfire. 
15. The combination set forth in claire 14, 
further characterized in that the resilient ac- 
cumulator is enclosed within a pressure housing. 
1. The combination set forth in claire 7, fur- 
35 ther characterized in that the low pressure part 
is interconnected with the high pressure part by 
means including a standby pump and driving 
means therefor, said standby pump being oper- 
able to build up and maintain the desired pres- 
4O sure in.the-high pressure part for starting and 
during faulty firing in the internal combustion 
chamber.... 
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